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  ﭼﻜﻴﺪه ﻓﺎرﺳﻲ
ورزش ﻫﻮازي ﺑﺎ ﺷﺪت ﻛﻢ ﺑﻪ ﻫﻤﺮاه ﻣﺤﺪودﻳﺖ ﺟﺮﻳﺎن ﺧﻮن ﻋﻀﻠﻪ ﻣﻲ ﺗﻮاﻧﺪ ﺑﺎﻋﺚ اﻓﺰاﻳﺶ ﺗﻮده  ﻣﻘﺪﻣﻪ و ﻫﺪف:
. اﺳﺖﺳﺎﺧﺘﺎر و ﻋﻤﻠﻜﺮد ﻗﻠﺐ در اﻓﺮاد ﭘﻴﺮ ﻧﺎﺷﻨﺎﺧﺘﻪ  اﺛﺮ اﻳﻦ ﻣﺪل ورزﺷﺒﺮﺷﻮد. ﻟﻴﻜﻦ، در اﻓﺮاد ﻣﺴﻦ ﻋﻀﻼﻧﻲ و ﻗﺪرت ﻋﻀﻼت 
 اﻟﻘﺎءآﺳﻴﺐ  ﻗﻠﺐ و ﻣﻘﺎوﻣﺖ آن ﺑﻪ  ﺑﺮ ﻋﻤﻠﻜﺮد ، ﺑﺎﻓﺖ ﺷﻨﺎﺳﻲ و رگ زاﻳﻲ اﺳﺘﻘﺎﻣﺘﻲ در اﻳﻦ ﻣﻄﺎﻟﻌﻪ اﺛﺮات اﻳﻦ ﻣﺪل ورزﺷﻲ
ﺑﻪ ﺑﺮرﺳﻲ  در اﻳﻦ ﻣﻄﺎﻟﻌﻪ ،ﻋﻼوه ﺑﺮ اﻳﻦ و ﻣﻮرد ارزﻳﺎﺑﻲ ﻗﺮار ﮔﺮﻓﺖ.ﺷﺪه ﺑﺎ اﻳﺰوﭘﺮوﺗﺮﻧﻮل در ﻣﻮش ﻫﺎي ﺻﺤﺮاﻳﻲ ﭘﻴﺮ ﺑﺮرﺳﻲ 
 9در ﺳﺮﻳﻦ  β3-KSGﺑﺎ ﻓﺴﻔﺮﻳﻼﺳﻴﻮن ﻣﻬﺎري  اﺳﺘﻘﺎﻣﺘﻲ اﻳﻦ ﻓﺮﺿﻴﻪ ﭘﺮداﺧﺘﻴﻢ ﻛﻪ ﻣﺤﺪودﻳﺖ ﺟﺮﻳﺎن ﺧﻮن ﺑﻪ ﻫﻤﺮاه ورزش
  ﺑﺎ اﺧﺘﻼل واﺑﺴﺘﻪ ﺑﻪ ﺳﻦ در ﻋﻤﻠﻜﺮد ﻣﻴﺘﻮﻛﻨﺪري ﻣﺪاﺧﻠﻪ ﻛﻨﺪ. ﻣﻤﻜﻦ اﺳﺖ
(، ﻣﺤﺪودﻳﺖ hS(، ﺷﻢ)LTCﭘﻴﺮ ﺑﻪ ﮔﺮوه ﻫﺎي ﻛﻨﺘﺮل ) ﻣﻮﺷﻬﺎي ﺻﺤﺮاﻳﻲ ﻧﺮدر ﺑﺨﺶ اول ﻣﻄﺎﻟﻌﻪ،  روش ﺗﺤﻘﻴﻖ:
( ﺗﻘﺴﻴﻢ ﺷﺪﻧﺪ. xE+RFB( و ﻣﺤﺪودﻳﺖ ﺟﺮﻳﺎن ﺧﻮن ﺑﻪ ﻫﻤﺮاه ورزش)xE+hS(، ﺷﻢ ﺑﻪ ﻫﻤﺮاه ورزش )RFBﺟﺮﻳﺎن ﺧﻮن )
ﻫﻔﺘﻪ ورزش ﺗﺮدﻣﻴﻞ ﺑﺎ ﺷﺪت ﻛﻢ در ﮔﺮوه ﻫﺎي ورزﺷﻲ، ﻓﺸﺎر ﺧﻮن، ﭘﺎراﻣﺘﺮﻫﺎي ﻓﻴﺰﻳﻮﻟﻮژﻳﻚ و  01در ﻧﻬﺎﻳﺖ ﭘﺲ از اﻧﺠﺎم 
ﺑﻴﺎن ﻓﺎﻛﺘﻮر رﺷﺪ اﻧﺪوﺗﻠﻴﺎل ﻋﺮوﻗﻲ و ﮔﻴﺮﻧﺪه ﻫﺎي آن در ﻗﻠﺐ در ﺗﻤﺎم اﺳﺘﺮﻳﻮﻟﻮژﻳﻚ ﻗﻠﺐ، ﻣﻴﺰان ﻣﺼﺮف اﻛﺴﻴﮋن ﻣﻴﻮﻛﺎرد و 
(، ﺷﻢ ﺑﻪ OSI) (ﺗﺤﺖ درﻣﺎن ﺑﺎ اﻳﺰوﭘﺮوﺗﺮﻧﻮلآﺳﻴﺐ دﻳﺪه ): ﮔﺮوه 5 ﮔﺮوه ﻫﺎ ﺑﺮرﺳﻲ ﺷﺪﻧﺪ. در ﺑﺨﺶ دوم ﻣﻄﺎﻟﻌﻪ،  ﺣﻴﻮاﻧﺎت ﺑﻪ
-hS)ﻫﻤﺮاه آﺳﻴﺐورزش ﺑﻪ -(، ﺷﻢOSI+RFB)ﻫﻤﺮاه آﺳﻴﺐ(، ﻣﺤﺪودﻳﺖ ﺟﺮﻳﺎن ﺧﻮن ﺑﻪ )OSI+hSﻫﻤﺮاه آﺳﻴﺐ
در اﻧﺠﺎم و ﻲﻫﻔﺘﻪ ﺗﻤﺮﻳﻦ ورزﺷ 01(ﺗﻘﺴﻴﻢ ﺷﺪﻧﺪ. OSI+xE-RFB)ﻫﻤﺮاه آﺳﻴﺐ (و ﻣﺤﺪودﻳﺖ ﺟﺮﻳﺎن ﺧﻮﻧﺒﻪ  OSI+xE
ﻴﺰﻳﻮﻟﻮژﻳﻚ، ﺑﺎﻓﺖ ﭘﺎراﻣﺘﺮﻫﺎي ﻓﺳﭙﺲ اﻳﺠﺎد ﺷﺪ. در دو روز ﻣﺘﻮاﻟﻲ  gk/gm 58ﺑﺎ ﺗﺠﻮﻳﺰ اﻳﺰوﭘﺮوﺗﺮﻧﻮل آﺳﻴﺐ ﻗﻠﺒﻲ  ﭘﺎﻳﺎن
  ارزﻳﺎﺑﻲ ﮔﺮدﻳﺪﻧﺪ. ﻗﻠﺐﺎﻳﻲ ﺷﻨﺎﺳﻲ و ﺑﻴﻮﺷﻴﻤﻴ
 erusserp-etar(PPR(، 50.0<Pﮔﺮوه ﻣﺤﺪودﻳﺖ ﺟﺮﻳﺎن ﺧﻮن ﺑﻪ ﻫﻤﺮاه ورزش داراي ﺿﺮﺑﺎن ﻗﻠﺐ )ﻳﺎﻓﺘﻪ ﻫﺎ:
( ﻛﻤﺘﺮ ﻧﺴﺒﺖ ﺑﻪ ﮔﺮوه ﻫﺎي ﻏﻴﺮ ورزﺷﻲ ﺑﻮدﻧﺪ. در ﮔﺮوه 10.0<P( و ﻓﺸﺎر ﭘﺎﻳﺎن دﻳﺎﺳﺘﻮل ﺑﻄﻨﻲ )50.0<P))tcudorp
ﺑﻄﻦ )50.0<P(ﺷﻞ ﺷﺪﮔﻲو ﺣﺪاﻛﺜﺮ ﺳﺮﻋﺖ  )10.0<P(ﻣﺤﺪودﻳﺖ ﺟﺮﻳﺎن ﺧﻮن ﺑﻪ ﻫﻤﺮاه ورزش ، ﺣﺪاﻛﺜﺮ ﺳﺮﻋﺖ اﻧﻘﺒﺎض 
ﻣﻴﻮﺳﻴﺖ ﻫﺎ، ﺷﺎﺧﺺ ﻫﻴﭙﺮﺗﺮوﻓﻲ ﺑﻄﻦ و داﻧﺴﻴﺘﻪ  ﺣﺠﻢﭼﭗ ﻧﻴﺰ ﻧﺴﺒﺖ ﺑﻪ ﮔﺮوه ﻫﺎي ﻏﻴﺮ ورزﺷﻲ ﺑﺎﻻﺗﺮ ﺑﻮد. ﺣﺠﻢ ﺑﻄﻦ ﭼﭗ، 
. ﻣﻴﺰان ﺑﻴﺎن ﻓﺎﻛﺘﻮر رﺷﺪ اﻧﺪوﺗﻠﻴﺎل )50.0<P(ﻃﻮﻟﻲ ﻣﻮﻳﺮگ ﻫﺎ در اﻳﻦ ﮔﺮوه ﻧﺴﺒﺖ ﺑﻪ ﮔﺮوه ﻫﺎي ﻛﻨﺘﺮل و ﺷﻢ ﺑﺎﻻﺗﺮ ﺑﻮد 
و ﭘﺮوﺗﺌﻴﻦ در ﮔﺮوه ﻣﺤﺪودﻳﺖ ﺟﺮﻳﺎن ﺧﻮن ﺑﻪ ﻫﻤﺮاه  ANRm( ﻧﻴﺰ در ﺳﻄﺢ 2 ,1-RFGEVﻋﺮوﻗﻲ و ﮔﻴﺮﻧﺪه ﻫﺎي آن ) 
  اﻓﺰاﻳﺶ ﻣﻌﻨﻲ دار ﻧﺸﺎن داد. )50.0<P(و ﻧﻴﺰ ﮔﺮوه ﺷﻢ ﺑﻪ ﻫﻤﺮاه ورزش  )10.0<P(ورزش ﻧﺴﺒﺖ ﺑﻪ ﮔﺮوه ﻫﺎي ﻏﻴﺮ ورزﺷﻲ 
ﺸﺎر ﺳﻴﺴﺘﻮل ﺑﻄﻨﻲ و در ﺑﺨﺶ دوم ﻣﻄﺎﻟﻌﻪ، ﮔﺮوه ﻫﺎي آﺳﻴﺐ دﻳﺪﻫﺪر ﻣﻘﺎﻳﺴﻪ ﺑﺎ ﮔﺮوه ﺳﺎﻟﻢ،  ﻓﺸﺎر ﺳﻴﺴﺘﻮل ﺷﺮﻳﺎﻧﻲ، ﻓ
. ﻣﺤﺪودﻳﺖ ﺟﺮﻳﺎن ﺧﻮن ﺑﻪ ﻫﻤﺮاه ورزش ﺑﺎﻋﺚ )50.0<P(ﺣﺪاﻛﺜﺮ ﺳﺮﻋﺖ اﻧﻘﺒﺎض و ﺳﺮﻋﺖ ﺷﻞ ﺷﺪﮔﻲ ﻛﻤﺘﺮي داﺷﺘﻨﺪ 
ﺑﻬﺒﻮد اﻳﻦ ﺷﺎﺧﺺ ﻫﺎ ﮔﺮدﻳﺪ ﺑﻪ ﻧﺤﻮي ﻛﻪ  ﮔﺮوه ﻣﺤﺪودﻳﺖ ﺟﺮﻳﺎن ﺧﻮن ﺑﻪ ﻫﻤﺮاه ورزش و آﺳﻴﺐ ، داراي ﻓﺸﺎر ﺳﻴﺴﺘﻮل 
و ﻓﺸﺎر ﭘﺎﻳﺎن دﻳﺎﺳﺘﻮل  )50.0<P(ﺑﺎﻻﺗﺮ  ﺑﻄﻨﻲ ض و ﺳﺮﻋﺖ ﺷﻞ ﺷﺪﮔﻲﺷﺮﻳﺎﻧﻲ، ﻓﺸﺎر ﺳﻴﺴﺘﻮل ﺑﻄﻨﻲ و ﺣﺪاﻛﺜﺮ ﺳﺮﻋﺖ اﻧﻘﺒﺎ
ورزش ﺑﻪ ﻫﻤﺮاه آﺳﻴﺐ داﺷﺘﻨﺪ.  ﺑﻴﺎن -در ﻣﻘﺎﻳﺴﻪ  ﺑﺎ ﮔﺮوه ﻫﺎي ﻏﻴﺮ ورزﺷﻲ و ﻧﻴﺰ ﮔﺮوه ﺷﻢ )10.0<P(ﺑﻄﻨﻲ ﭘﺎﻳﻴﻦ ﺗﺮي 
در در ﮔﺮوه ﻣﺤﺪودﻳﺖ ﺟﺮﻳﺎن ﺧﻮن ﺑﻪ ﻫﻤﺮاه ورزش و آﺳﻴﺐ  β3-KSGﻓﺴﻔﺮﻳﻠﻪ ﺑﻪ β3-KSGﻓﺴﻔﺮﻳﻠﻪ و ﻧﺴﺒﺖ  β3-KSG
ﭘﻼﺳﻤﺎ و ﺷﺪت آﺳﻴﺐ ﻗﻠﺒﻲ ﻧﻴﺰ در  I. ﻣﻘﺪار ﺗﺮوﭘﻮﻧﻴﻦ )50.0<p(ﻣﻘﺎﻳﺴﻪ ﺑﺎ ﮔﺮوه ﻫﺎي آﺳﻴﺐ دﻳﺪه  ﻏﻴﺮ ورزﺷﻲ اﻓﺰاﻳﺶ ﻳﺎﻓﺖ 
  ﮔﺮوه ﻣﺬﻛﻮر در ﻣﻘﺎﻳﺴﻪ ﺑﺎ ﺳﺎﻳﺮ ﮔﺮوه ﻫﺎي آﺳﻴﺐ دﻳﺪه ﻛﺎﻫﺶ  ﻣﻌﻨﻲ دار ﭘﻴﺪا ﻛﺮد.
ﻳﺎﻓﺘﻪ ﻫﺎي ﻣﺎ ﭘﻴﺸﻨﻬﺎد ﻣﻲ ﻛﻨﺪ ﻛﻪ ﻣﺤﺪودﻳﺖ ﺟﺮﻳﺎن ﺧﻮن ﺑﻪ ﻫﻤﺮاه ورزش اﺳﺘﻘﺎﻣﺘﻲ ﺑﺎ  ﺑﺤﺚ و ﻧﺘﻴﺠﻪ ﮔﻴﺮي:
ﺗﻘﺎﺿﺎي اﻛﺴﻴﮋن /  ﻓﺴﻔﺮﻳﻠﻪ و ﺗﻄﺒﻴﻖ ﻋﺮﺿﻪβ3-KSGﺷﺪت ﻛﻢ، ﺑﺎ ﺑﻬﺒﻮد آﻧﮋﻳﻮژﻧﺰ، ﺑﺎزﺳﺎﺧﺘﺎري ﻓﻴﺰﻳﻮﻟﻮژﻳﻜﻲ ﻗﻠﺐ، اﻓﺰاﻳﺶ 
ﻣﺤﺎﻓﻈﺖ ﻗﻠﺒﻲ ﻣﺤﺪودﻳﺖ ﺟﺮﻳﺎن ﺧﻮن  ﻳﺎﻓﺘﻪ ﻫﺎ ﺑﻪ ﻃﻮر واﺿﺢ اﺛﺮات. ﻣﻴﺘﻮاﻧﺪ ﻋﻤﻠﻜﺮد ﻗﻠﺐ را در ﻣﻮﺷﻬﺎي ﭘﻴﺮ اﻓﺰاﻳﺶ دﻫﺪ
ﺑﺨﺸﻲ از ﺗﺎﺛﻴﺮ ﻣﺜﺒﺖ اﻳﻦ ﻣﺪل ورزش ﺑﺮ ﻣﻘﺎوﻣﺖ . ﻬﻬﻤﺮاه ورزش را در ﺑﺮاﺑﺮ آﺳﻴﺒﻬﺎي ﻧﺎﺷﻲ از اﻳﺰوﭘﺮوﺗﺮﻧﻮل ﺗﺄﻳﻴﺪ ﻛﺮدﻧﺪﺑ
  .ﻓﺴﻔﺮﻳﻠﻪ و آﻧﮋﻳﻮژﻧﺰ ﺑﺎﺷﺪβ3-KSGﻗﻠﺒﻬﺎي ﭘﻴﺮ در ﻣﻮاﺟﻬﻪ ﺑﺎ ﺷﺮاﻳﻂ اﺳﺘﺮس زا  ﻣﻲ ﺗﻮاﻧﺪ ﻧﺎﺷﻲ از اﻓﺰاﻳﺶ
ﻣﺤﺪودﻳﺖ ﺟﺮﻳﺎن ﺧﻮن ﺑﻪ ﻫﻤﺮاه ورزش اﺳﺘﻘﺎﻣﺘﻲ، ﻋﻤﻠﻜﺮد ﻗﻠﺐ، ﭘﻴﺮي، ﻓﺎﻛﺘﻮر رﺷﺪ اﻧﺪوﺗﻠﻴﺎل ﻋﺮوﻗﻲ،  واژه ﻫﺎي ﻛﻠﻴﺪي:
 β3-KSGآﺳﻴﺐ ﻣﻴﻮﻛﺎرد، 
  .1
Abstract 
Background and Objectives: Low-intensity aerobic training along with limbs blood 
flow restriction (BFR) can improve mass and strength of skeletal muscle in aged people. 
However, its effects on aging heart structure and performance is unidentified. In this study, 
the effects of this model of training on myocardial function, histology, angiogenesis and 
cardiac resistance to isoproterenol (ISO) induced heart injury in old male rats were evaluated. 
We also examined the hypothesis that BFR along with Low-intensity training may interfere 
with age-associated impairment of mitochondria by the inhibitory phosphorylation of GSK-3β 
at Ser9. 
Methods: In the first part of this study old Old male Wistar rats were divided into 
control (CTL), sham-operated (Sh), limbs blood flow restriction (BFR), sham-operated plus 
10 weeks low intensity treadmill exercise (Sh+Ex), and BFR plus exercise (BFR+Ex) groups. 
Finally, blood pressure, heart physiological and stereological parameters, myocardial oxygen 
consumption index and expression of vascular endothelial growth factor (VEGF) and its 
receptors (Flt-1 and kdr) were assessed. In the second part, animals were divided into the 
following six groups: CTL (control), ISO (isoproterenol-treated), Sh+ISO (sham-operated 
plus ISO), BFR+ISO (blood flow restriction plus ISO), Sh-Ex+ISO (sham-operated subjected 
to exercise and ISO), and BFR-Ex+ISO (blood flow restriction along with exercise and ISO). 
10 weeks of exercise training was considered. Then, cardiac injury was induced by injection 
of 85 mg/kg isoproterenol subcutaneously for two consecutive days and physiological, 
histological and biochemical parameters were recorded and assessed. 
Result: BFR+Ex group had significantly lower heart rate (P<0.05 vs. CTL and Sh 
groups), rate-pressure product (RPP) and left ventricular end diastolic pressure (P<0.05 and 
P<0.01 vs. untrained groups, respectively). BFR+Ex group also had greater +dp/dt max 
(P<0.01) and -dp/dt max (P<0.05) than untrained groups. A significant increase in volumes of 
left ventricle and myocytes (P<0.05, vs. CTL and Sham), ventricular hypertrophy index and 
capillary length density (P<0.05 vs. untrained groups) were observed in BFR+Ex group. The 
level of VEGF and Flt-1 proteins and their mRNAs increased in the BFR+Ex group compared 
to CTL, Sh and BFR (p<0.01) and Sh+Ex (p<0.05) groups. The kdr mRNA and its protein 
level were significantly higher in the BFR+Ex group. 
In the other hand, compared to CTL group, isoproterenol administration significantly 
reduced the systolic arterial pressure (SAP), left ventricular systolic pressure (LVSP), and 
±dp/dt max (P<0.05). BFR training improved these parameters in the way that BFR-Ex+ISO 
group had higher SAP, LVSP and ±dp/dt max (P<0.05) and lower LVEDP (left ventricular 
end diastolic pressure) (P<0.01) than untrained and Sh-Ex+ISO groups. The pS9-GSK-3β and 
pS9-GSK-3β/GSK-3β ratio were increased in the BFR-Ex+ISO group compared to CTL, ISO, 
Sh+ISO, and BFR+ISO groups (p<0.05). The level of plasma cardiac troponin-I and the 
severity of the injuries were significantly reduced in BFR-Ex+ISO group versus other cardiac 
damaged groups). 
Conclusion: Our findings suggested that BFR plus exercise can promote cardiac 
performance in the elderly rats through improving the angiogenesis, physiological cardiac 
remodeling, increased phosphorylated GSK-3β and oxygen demand/supply matching. 
Findings confirmed the cardioprotective effect of BFR training against ISO-induced 
myocardial injury. A part of the positive effect of this model of exercise on the resistance of 
old hearts in dealing with stressful conditions can be attributable to increase in phosphorylated 
GSK-3β and angiogenesis. 
Key words: low intensity training, cardiac performance, aging, blood flow restriction, 








Kerman University of Medical Sciences 
Faculty of Medicine & physiology research center 
In Partial Fulfillment of the Requirements for the Degree (PhD) 
Title: 
The Investigation of the Histological Changes and  Heart Resistance of Old  
Male Rats to Ischemia Following Limb Blood Flow Restriction along with 
Low Intensity Endurance Exercise: Study of  Some Plausible Signaling 
Pathways 
By:                                                                                     
   Vida Naderi Boldaji  
Supervisor:                                                                              
    Dr. Siyavash joukar  
Advisor:                                                                                
      Dr. Ali Noorafshan 
Year:                                                                                  
Desember 2018  
